ORMATION of an acute spinal subdural hematoma is a rare occurrence that is caused by compression of the spinal cord or cauda equina. Onset may be spontaneous or a consequence of iatrogenic causes (lumbar or cervical spine puncture performed for diagnostic-or anesthetic-related purposes); patients whose acute spinal subdural hematoma is caused by spontaneous onset or following spinal puncture are most frequently those with coagulation abnormalities or those receiving anticoagulant or antiaggregate medication.
perience progressive, severe, bilateral low-back and radicular pain; she was unable to walk and sustained a mediumgrade motor deficit with a sensory level at L-1.
A magnetic resonance (MR) image of the thoracolumbar spine revealed a probable posterior lumbar epidural hematoma at the L3-5 level.
The patient was immediately transferred to the neurotraumatology division to undergo operation. Examination of preoperative blood tests had shown a low platelet count (PLT), normal prothrombin time (PT), partial thromboplastin time (PPT), and an international normalized ratio (INR).
Operation. Surgery was performed via an L3-5 laminectomy. The epidural space appeared normal, and the dura mater, which was bluish in color, tended to bulge. Opening of the dura revealed a partially organized hematoma that was completely removed by aspiration. After removal, the roots appeared free and their course was normal. Examination of the histological specimen demonstrated hemorrhagic material mixed with fibrin and histocytes rich in hemosiderin with little fibroadipose tissue.
Postoperative Course. One year after surgery the patient was in good health and free of neurological deficits; meningeal symptoms had entirely disappeared. Control MR imaging demonstrated the sequelae of laminectomy, whereas the spinal cord was free and its morphology normal.
Case 2
Presentation. This 65-year-old woman was admitted to the neurotraumatology division for the acute onset of abdominal pain and severe, bilateral low-back and radicular pain. She presented with a sensory level at T-12 and severe paraparesis. Although MR imaging revealed spinal cord compression at the T7-12 level, it was impossible to determine whether it was intra-or extradural. For better definition, a computerized tomography (CT) myelography scan was obtained ( Fig. 1 ), which revealed a partial block compatible with posterior extradural compression that was most pronounced at T9-10. The patient, who suffered from chronic atrial fibrillation, had been receiving dicumarolic anticoagulant medication for several years. The results of blood tests revealed a low PLT of 135 ϫ 10 3 /µL, PT of 42% (range 70-120%), INR of 1.00 (range 0.9-1.15), and a PTT of 38 seconds (range 27-35 seconds).
Operation. The patient underwent an emergency operation via a T6-L1 laminectomy. On opening the dura, an extensive, partially organized hematoma was visible that was completely removed by aspiration. After evacuation of the hematoma, the spinal cord appeared normal and the subarachnoid spaces intact.
Postoperative Course. One year postoperatively, the patient was in good health, and her motor and sensory deficits had regressed. A control MR image demonstrated the sequelae of laminectomy and complete decompression of the spinal cord.
Case 3
Presentation. This 59-year-old woman was admitted to the 2nd Division of Orthopedics and Traumatology to undergo surgery for a subcapital femoral fracture. Five years earlier she had undergone heart surgery to replace the mitral and aortic valves and had been taking anticoagulant medication (dicumarol 8 mg/day) ever since.
Examination and Operation. The results of preoperative blood tests revealed a PLT of 105 10 3 /µL, PT of 39% (range 70-120%), INR of 1.84 (range 0.9-1.15), and a PTT of 39.30 seconds (range 27-35 seconds). Forty-eight hours before surgery, dicumarolic therapy was replaced by 7500 UI of calcium salt heparin three times per day. After inserting a catheter via an LP with a 24-gauge needle, epidural anesthesia was induced. Surgical reduction, by means of osteosythesis in which Asnis screws were used, was then performed. Four hours after surgery, the patient experienced a progressive sensory and motor deficit of the lower limbs without any painful symptoms that assumed the characteristics of a very severe paraparesis in a brief period of time.
Immediate postoperative CT scanning was performed (Fig. 2) . A moderately hyperdense mass was detected, probably hematic, which compressed the cauda equina anteriorly and posteriorly along the T12-L4 segment. Due to the presence of metallic prostheses (cardiac and femoral), MR imaging could not be performed.
Second Operation. The patient underwent surgery via a T12-L4 laminectomy. Once the dura had been opened, a large encapsulated hematoma, which had already begun to organize, was apparent. It was evacuated by aspiration, freeing the nerve roots. The arachnoid appeared to be intact, and there were no signs of SAH.
Postoperative Course. Postoperatively, there was a partial improvement of sensory and motor deficits. Control CT scanning demonstrated the sequelae of laminectomy and decompression of the cauda. At 1-year follow-up examination, the patient presented with antigravitary motility of the lower limbs but was unable to walk at all; there was also a partial sensory deficit at T11-12 level. 
Case 4
Presentation. This 64-year-old woman was admitted to the 2nd Division of Orthopedics and Traumatology for treatment of a transcervical femoral fracture. For 3 days before the operation, the patient was given low molecularweight heparin for prevention of thromboembolism at a dosage of 4000 UI three times per day.
The results of preoperative tests revealed a PLT of 150 ϫ 10 3 /uL, PT of 55% (range 70-120%), a PTT of 48 seconds (range 37-45 seconds), and INR of 1.00 (range 0.9-1.15).
Operation. Surgical treatment consisted of insertion of a noncemented biarticular endoprosthesis. Epidural anesthesia was induced, and lumbar puncture was performed at L3-4 level by using a nontraumatic 22-gauge needle.
Thirty-two hours after operation, the patient complained of low-back pain, which was accompanied in the following 10 hours by a progressive paraparesis that was more severe on the right side.
Second Operation. An MR image of the thoracolumbar spine was obtained immediately, on which was detected a possible posterior lumbar epidural hematoma at T9-L1. The patient was immediately transferred to the neurotraumatology division for operation. A T10-L1 laminectomy exposed the epidural space, which appeared normal, and the dura mater, which was bluish in color and tended to bulge. After excision of the dura a partially organized hematoma was revealed. Once the hematoma had been evacuated, the spinal cord appeared to be bruised as in SAH.
The fragments of material removed were histologically analyzed and identified as hemorrhagic material mixed with fibrin and histiocytes, with a high hemosiderin content and little fibroadipose tissue.
Postoperative Course. At 6-month follow-up examination, the patient presented with paraparesis with a sensory level at T-10.
Case 5
Presentation. This 30-year-old woman was admitted to the neurotraumatology division for low-back pain that was unresponsive to analgesic therapy, accompanied by bilateral paresthesias in the lower limbs.
Examination. Ten days prior to presentation she had been Preoperative lumbar CT scan revealing a posterior mass that compresses the cauda equina from which it appears to be separate (arrows). The epidural space posterior to the mass is preserved, and its overall appearance is that of a hypodense triangle (broken arrow).
FIG. 3. Case 5. Preoperative sagittal (upper) and axial (lower) T 1 -weighted MR images obtained in the thoracolumbar spine.
Upper: Sagittal image demonstrating a probable blood collection at the L3-5 level separated from the cauda equina and the arachnoid space. Lower: Axial image revealing the posterior blood collection separate from the subarachnoid space and the cauda equina. The posterior hyperintense triangle created by the epidural fat shows that the lesion is subdural. treated for a right meniscopathy; arthroscopic examination had been performed after epidural anesthesia was induced. An LP had been performed at L4-5 level with a 22-gauge nontraumatic needle.
An MR image of the thoracolumbar spine revealed a blood layer at L3-5 ( Fig. 3) , which seemed to occupy the epidural space. The results of preoperative blood tests were within normal range.
Operation. The patient immediately underwent surgery via an L4-5 laminectomy. Once the laminae had been removed, the epidural space appeared free. Incision of the congested dura, which was bluish in color, exposed a nonorganized blood layer that was completely evacuated; no CSF fluid leaked after evacuation of the hematoma.
Postoperative Course. During the next 24 hours, the patient's lumbar pain disappeared, together with the paresthesias of the lower limbs. Six months postoperatively the patient had not sustained any neurological deficits.
Results
A review of the international literature published between 1948 and 1998 yielded 101 cases of nontraumatic acute spinal subdural hematoma that were described in detail ( Table 1 ). The five cases we describe in this paper yield a total of 106 cases. There were 51 men (49%) and 55 women (51%) whose average age was 47.5 years (range 0.5-87 years). In four cases (4%) the location of the hematoma was cervical, in eight (8%) cervicothoracic, in 15 (14%) thoracic, in 28 (26%) thoracolumbar, in 15 (14%) lumbar, in 11 (10%) lumbosacral, in eight cases (8%) thoracolumbosacral, in two cases (2%) cervicolumbar and in 15 cases (14%) the level was not indicated.
In performing an analysis of causative factors ( Table 2 ) we found that in 57 cases (54%) the acute spinal subdural hematoma was associated with a bleeding disorder, which was secondary to a defect in the hemostatic mechanism (leukemia, hemophilia, thrombocytopenia, cryoglobulinemia, hemorrhagic diathesis, polycythemia) in 20 cases (19%) and to acute or chronic anticoagulant therapy in 37 cases (35%). In addition to the coagulative alteration, LP acted as an iatrogenic cause in 35 cases (33%).
In another 15 cases (14%) the cause of the acute spinal subdural hematoma was purely iatrogenic (the result of LP), although in seven (7%) of these cases there were coexisting conditions: pregnancy, dialytic treatment, diabetes mellitus, arterial hypertension, and alcoholism, either singly or combined.
Four patients (4%) harbored an intradural tumor. In another four cases bleeding was attributable to rupture of an arteriovenous malformation. Patients who presented with the following conditions were extremely unusual: ankylosing spondylitis (one case), cystic fibrosis (one case), hydrocephalus and ventriculoperitoneal shunt (two cases), spinal drainage (one case), general anesthesia (one case), tumor of the pancreas (two cases), and glucocorticoid therapy (one case).
The remaining 15 patients (14%) did not experience any conditions that were associated with or favored the onset of an acute spinal subdural hematoma or any iatrogenic cause.
Presenting symptoms principally consisted of an ingravescent motor deficit in 60 patients (57%): 46 patients (43%) experienced spinal pain and 23 radicular pain (sciatica, thoracic pain, brachyalgia). Thirteen patients had paresthesias. Other symptoms included headache, neck stiffness, and sphincter deficits in 14 patients (13%). In the 50 patients (47%) in whom spinal puncture had been performed (46 LP, two cervical puncture, two epidural blood patch) symptoms attributable to acute spinal subdural hematoma appeared, on average, after 31 hours (range 3-86 hours); in 10 cases (9%) this information was not provided in the reports.
Surgical treatment, consisting of laminectomy and evacuation of the hematoma, was performed in 59 cases (56%). In the remaining 37 cases (34%) for whom data were provided conservative treatment was preferred either because there were mild neurological signs (nine cases [8.5%]), which then cleared up spontaneously, or because patients' extremely poor general condition (such as hemocoagulative disease, coma, or tumor) contraindicated surgical treatment (28 cases [26%] ). In fact, these patients died shortly after undergoing conservative treatment due to the progression of the underlying disease.
In those patients who underwent surgery, outcome is summarized in Table 3 ; in 14 patients (13%), there was intraoperative evidence of SAH associated with the hematoma.
Discussion
Nontraumatic acute spinal subdural hematoma is a rare spinal disease first described by Shiller and coworkers 70 more than 50 years ago.
In our review, we found that the thoracolumbar and lumbar were the most frequently involved spinal segments; there was no gender predominance, and only a slightly higher incidence in the fifth to sixth decades of life.
Other authors have already identified factors favoring this disease (Table 1) , principal among them being hemostatic abnormalities; the fact that these were present in 53% of the cases in our review seems to confirm this.
However, when considering the causative aspects of acute spinal subdural hematoma, we find that in twothirds of the cases with a coagulopathy, there was also an iatrogenic factor, generally a diagnostic spinal puncture or, less frequently, peridural anesthesia. Peridural anesthesia was the iatrogenic cause of hematoma in one third of cases without coagulopathies, whereas in a similar number of cases an underlying disease (such as tumor or arteriovenous malformation) was revealed; in 15% of the cases there was no apparent cause.
In all of our patients (except for the patient in Case 4) and in those described in the literature for whom this information was given, 27, 54, 67, 76 subdural bleeding was extraarachnoidal, and the hematoma was separated from the subarachnoid space and CSF by what initially appeared to be the arachnoid membrane.
As far as localization of the hemorrhage is concerned, there are still doubts in the literature regarding the site of bleeding and the blood collection. Only in some papers 27, 55, 68 is the localization of the acute spinal subdural hematoma suggested. In particular, Schwartz, et al., 68 described the acute spinal subdural hematoma as being extraarachnoidal, continued→ adding that it appeared to be "between two layers of dura," which suggested a "potential intradural space" as the site of the bleeding and subsequent hematoma. This concept was proposed by Haines, et al., 26 nearly 20 years ago for supratentorial hematomas. In fact, in their study supratentorial hematomas were experimentally reproduced and demonstrated, by means of electron microscopy, that the hematoma occupied a space that came into existence when two layers of dural cells became separated. The concept of an intradural space, suggested in the literature 14, 26 for cerebral hematomas, could also be applied to spinal subdural hematomas as suggested by Schwartz, et al. 68 The extraarachnoidal aspect of acute spinal subdural hematoma is also confirmed by preoperative neuroradiological imaging, in which it often appears as extradural bleeding. In fact, Post and coworkers 55 have addressed the problem of differentiating acute spinal subdural hematoma from epidural hematoma on MR imaging or CT scanning, which demonstrate that these two entities share very similar imaging appearances. The authors distinguished the two types of acute spinal subdural hematoma: extradural without fat on the outside of the hematoma and intradural with fat posterior to the hematoma and dura mater. There were no distinctive elements in the contact area between the acute spinal subdural hematoma and the subarachnoid space. These findings confirm the hypothesis that acute spinal subdural hematoma may be confined by an internal membrane on the face of the spinal cord, thus avoiding intermingling blood TL  yes  yes  no  I  no  no  good  present series  32, F  L3-5  no  yes  no  II  yes  no  good  65, F  T7-12  yes  no  no  III  yes  no  good  59, F  T12-L4  yes  yes  no  III  yes  no  good  64, F  T10-L1  yes  yes  no  II  yes  yes  good  30, F  L3-5  no  yes  no  I  yes  no  good * CL = cervicolumbar; CT = cervicothoracic; LS = lumbosacral; NR = not reported; Oc = occiput; TL = thoracolumbar; TLS = thoracolumbosacral; ? = data not available; mid = middle aged. † Neurological Grades: 0 = no deficits; I = back pain, mild sensory-motor, and/or sphincter deficits; II = paraparesis; III = paraplegia.
and CSF, so that the effects of hemorrhage are limited to compression of the spinal cord or cauda equina. In the patient in Case 2 ( Fig. 1) , a CT myelography scan clearly demonstrated contrast medium inside the subarachnoid space, which was clearly reduced and displaced together with the spinal cord as if there was an extradural mass effect. The subdural site of the hematoma was demonstrated only by the existence of epidural fat, a characteristic that had been described by Post and coworkers. 55 Similar conclusions can be drawn from evaluating the axial CT (Case 3, Fig. 2 ) and MR images (Case 5, Fig. 3 upper). Our intraoperative findings provided further confirmation of this theory. In fact, in Cases 1, 2, 3, and 5, once the dura had been opened and the hematoma evacuated, an intact arachnoid membrane was visible, the spinal cord and cauda equina appeared normal, and there was no CSF leakage.
On the other hand, in the patient in Case 4 and in other reported cases (Table 1) , there was also SAH that was not always accompanied by CSF in the operative field.
The anatomical localization of acute spinal subdural hematoma influences prognosis if the hematoma is confined to an intradural space or if it produces a SAH. In the latter case, prognosis is worse because, in addition to the mass effect of the hematoma separated from the subarachnoid space, there is also rupture of the internal membrane and consequent SAH, which has negative effects of bleeding on the spinal cord or cauda equina.
Lastly, the fact that neurological status at operation was worse in patients with SAH (Table 3) reduced their possibility of recovery, notwithstanding early decompressive surgery.
In the small number of patients who sustained minimal neurological impairment, we agree with Kulkarni, et al., 34 that conservative treatment is possible provided that patients undergo monitoring by serial neuroradiological investigation and that neurological status shows gradual improvement. 
